This report details the incidence and description of trauma to the external genitalia experienced during Operation Iraqi Freedom at a United States Army Combat Support Hospital, and demonstrates that acceptable rates of testicular salvage are possible in the combat setting. The operating room logs and the Joint Theater Trauma Registry were used to conduct a retrospective review of the patients who sustained genitourinary (GU) injuries at an US Army Combat Support Hospital (CSH) in Iraq from 27 February 2007 to 14 August 2007. Of the 3595 battle trauma injuries seen at the CSH during the time period, 168 (4.7%) had one or more GU injuries for a total of 172 GU injuries. Of these patients, 115 (68%) with GU injuries had one or more injuries to the external genitalia for a total of 119 external GU injuries. Penetrating trauma to the penis and scrotum accounted for 59 of the injuries. In total, 43 testicles were injured in 34 patients (9 had bilateral injuries). In total, 32 testes were repaired primarily and 11 were removed. Injuries to the external genitalia continue to account for the vast majority of GU trauma in a combat setting. Of patients who presented with penetrating testicular trauma, there was a 74.4% salvage rate, which is higher than previous reports of combat external genitalia injuries. Treatment of penetrating trauma to the external genitalia in a combat setting requires attention to tissue preservation while coordinating associated surgical procedures.
Introduction
Injury to the genitourinary (GU) tract has historically occurred in 0.5-4.2% of all war injuries. [1] [2] [3] [4] [5] [6] [7] [8] Although injuries to the external genitalia are typically not in and of themselves life threatening, they are commonly associated with other potentially life-threatening injuries (for example, to abdomen, pelvis or groin). Furthermore, injuries to the external genitalia can result in substantial long-term urinary, hormonal and sexual dysfunction and concomitant psychosocial distress to the casualties.
In civilian trauma settings, the presence of external GU injuries typically prompts urologic consult for assessment and either concomitant treatment or staged therapy after the more lifethreatening injuries have been treated and the patient stabilized. The US Army has largely followed this model by deploying urologists with each Combat Support Hospital (CSH); however, immediately accessible urological expertise is not available in smaller deployed surgical units.
The pattern of GU injury in Operation Iraqi Freedom (OIF) has been previously described with respect to renal trauma. 1 Our report details the incidence and treatment of injuries to the external genitalia with special emphasis on the high frequency of penetrating mechanisms. 1 The registry prospectively collects data on trauma patients in OIF. Data in the JTTR are obtained from a systematic review of available inpatient medical records from the United States Army Health Services Support System. Casualty medical records are reviewed by JTTR personnel and information is abstracted to a standardized data collection form. Long-term follow-up with regard to complications of operative therapy, testicular hormone or fertility function and quality of life measures were not yet available at the time of this report.
Materials and methods

Study subjects
Facility
The modern US Army CSH has most of the diagnostic and treatment modalities available to a US Level I trauma center, although it does lack the capabilities of magnetic resonance imaging, angiography suite and cardiopulmonary bypass. Four out of five operating rooms were in regular use during the time period of this study, as this period coincided with augmentation of troop levels (the 'surge') and operating room manhours reached the highest levels since the start of OIF. US military and civilian casualties were evacuated out of theater to Germany as soon as they were clinically stable. Foreign national casualties were transferred to Iraqi medical facilities after they were treated and stabilized.
Imaging
Abdominal and pelvic computerized tomography (CT) was routinely performed on stable patients with injuries to those areas. Hemodynamically unstable patients or patients with obvious injuries that required immediate surgery would get imaging after operative stabilization, if needed. Nearly all injuries to the external genitalia were readily apparent on initial physical examination in the emergency department; however, a few testicular injuries not readily appreciated on physical exam were noted on CT. Over one half of the testis injuries were readily apparent because of an open scrotal wound with obvious rupture of the tunica albuginea. Another one quarter had a physical exam suspicious for testis rupture because of scrotal wall penetration by foreign body with a distorted testis by palpation. Only a very few testis injuries were seen by the initial trauma CT but not palpated on physical exam. Of interest, there were several severe injuries to testes with only minimal scrotal wall lacerations from the penetrating foreign bodies. The majority of the GU injuries were treated by a single urologist who was stationed at the CSH. However, approximately 10% of the GU injuries were treated by general surgeons.
Results
There were 3595 patients with battle trauma injuries seen at CSH from 27 February 2007 to 14 August 2007. Of these patients, 1680 were admitted to the CSH. Briefly, 168 patients or 4.7% of all battle trauma patients and 10% of CSH trauma admissions had one or more urologic injuries for 172 GU injuries. Of these patients, 115 (68%) with GU injuries had one or more injuries to the external genitalia for a total of 119 external GU injuries. All these external GU injuries were in males. All injuries to the external genitalia were penetrating in nature. These injuries were either because of fragments from explosions or bullets. Penetrating trauma to the penis and scrotum accounted for 59 (50%) of the external genital injuries. Of patients,111 (96.5%) with external GU injuries had additional non-GU injuries.
Testicular trauma accounted for 43 (37%) of the external genital injuries. Of these, 34 patients had unilateral injury whereas 9 had bilateral injuries to the testes. (Figure 1 ) An attempt was made to preserve all injured testes unless they were completely devitalized (Figure 2) .
Scrotal exploration had to be postponed in one patient for 1 day because of patient instability. In that patient, the injured testis had to be removed, as it was unsalvageable. In all other patients, surgery was preformed within 24 h of injury. Of the 43 injured testes, 32 were repaired primarily and 11 removed. All but three of the testis injuries were operated on by the urologist alone or with the assistance of the general surgeon. Three testis injuries were treated by the general surgeons alone, because of urology unavailability. Of these three, Figure 1 Severe trauma to external genitalia from improvised explosive device (IED).
Penetrating trauma to the external genitalia S Waxman et al two were salvaged and one removed. Other external GU wounds included four urethral injuries, five injuries to the corpora cavernosa and eight injuries to paratesticular structures ( Figures 3, 4 and 5) . Because of the fluid nature of this population of patients, follow-up was not possible. Although hormonal and fertility function were affected by the severe testis injuries, we were unable to assess the final degree of function. Likewise, we know anecdotally that a testis initially repaired in theater underwent later removal because of suspicion of mass. Final pathological report just showed scarring and inflammation.
Discussion
This study has demonstrated that 4.7% of all battle trauma patients and 10% of CSH trauma admissions had one or more urologic injuries. Of these patients, 68% had one or more injuries to the external genitalia. All injuries to the external genitalia were secondary to penetrating trauma, and the vast majority were coincident with other non-GU injuries. All testicular injuries (74%) were amenable to repair with salvage of at least some viable testicular tissue.
Our report is similar to the historical data for GU trauma, which has shown an incidence range of 0.5-4.2% in all battle casualties. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Likewise, the historical data on recent conflicts show external GU injuries ranging from 29.4 to 68.1% of all GU trauma. 1, 8, 12, 13 Previous OIF data showed a 2.8% GU injury rate with 55% of this group involving the external genitalia.
The OIF conflict has been characterized by the widespread use of improvised explosive devices (IEDs) by hostile forces.
14 Injuries secondary to these Figure 3 Severe injury to bilateral corpora cavernosum sparing the urethra from high velocity round. Figure 4 Another view of the injury in Figure 3 during the repair. Note testis in field (both testes were injured in this patient and were amenable to repair). Penetrating trauma to the external genitalia S Waxman et al
IEDs account for most coalition injuries and deaths. As most of these explosive devices are hidden in roadside locations, most are triggered by vehicles or the feet of civilians and coalition forces. The resulting blast is directed upward resulting in injury first to the lower extremities and external genitalia. Protection of these areas can be limited. Modern body armor may be protective of upper and lower urinary tract structures along with the external genitalia if the groin protector attachment is worn. 15 In the study by Paquette of OIF, explosive devices (mostly IEDs) were responsible for 50% of the GU injuries. Weigel and Wettlaufer reported an 80% penetrating and 20% blunt trauma ratio in their review of GU injuries in the Vietnam War. Hudolin and Hudolin noted that all GU injuries in their review of the Bosnia conflict were secondary to penetrating trauma. Penetrating trauma to the external genitalia in the civilian setting has likewise noted the strong association with concomitant injuries to other systems. 16 Testicular injuries account for a large proportion of GU injuries and reported salvage rates from previous conflicts have typically been in the 50% range. 3 Our study has shown that higher salvage rates are possible; however, the availability of an urologist with more experience operating in the scrotum than a typical general surgeon may have been a factor.
It is imperative to have a high degree of suspicion for testicular injury whenever there has been penetrating scrotal trauma, no matter how small the skin lacerations. Several times we noted severe testicular rupture with only 2 and 3 mm scrotal lacerations. Thorough bilateral scrotal exploration through a midline incision or through the scrotal wound (if large enough) should be performed to expose both hemiscrotums. Wound irrigation with copious water or saline is mandatory as these wounds are typically very dirty. Conservative debridement of testicular tissue and closure of the tunica albuginea is important. A tunica vaginalis patch is an alternative when there is inadequate tunica albuginea. As these penetrating wounds are by definition contaminated, packing the scrotum open or use of a wound vacuum system is appropriate; however, in select cases of minimal trauma, closure of the scrotum and placement of a drain is acceptable.
Our practice at the CSH was to frequently involve both the urologist and the general surgeon in the treatment of external genital injuries, so that the general surgeon could benefit from guided experience in treating these injuries. As urologists are not deployed with every CSH, review of the management principles for these injuries should be part of the standard pre-deployment training for general surgeons.
The technique of scrotal exploration and testis repair are easily taught to motivated non-urological surgeons. Although the numbers of external GU injuries treated by general surgeons were too small to draw meaningful comparisons, of the three testis injury cases in our study treated by general surgeons, two were salvaged and only one was removed. As general surgeons deployed in surgical units without urologists have been (and will continue to be) called upon to perform initial assessment, surgical therapy or damage control measures for these injuries, we recommend that all deploying general surgeons receive a review of the management of GU injuries as part of their predeployment orientation/training.
Conclusions
Penetrating injuries to the external genitalia are common in battle. Most testicular injuries can be repaired in an expeditious manner in the trauma setting. Non-urological surgeons can be easily taught the basics of scrotal exploration and repair of testicular injuries.
